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1 
This invention relates to electric dely cir- 
cuits and more particularly fo delay circuits in 
which the delay interval may be changed after 
timing has been started. 
In various electrical systems such as those 
employed, for example, in telephony, if is. fre- 
quently necessary fo introduce rime delay inter- 
vals between the operation of one element of 
the circuit and another element thereof. Many 
means have been devised fo accomplish this re- 
sult, some of the more satisfactory types utilizing 
the inherent delay in the charging or discharg- 
lng of a condenser fo control the rime af which 
a untdirectional current flow device such as 
1-ectifler, vacuum tube or gas-fllled tube will 
condct sufficient current fo operate a relay. 
Methods have also been propounded for adjust- 
ing such delay intervals, comprising in most 
cases either an adjustable resistance or an ad- 
justable capacitance. 
However, the necessity arises in various appli- 
cations of rime delay circuits fo vary the rime 
deIay interval after the timing period has 
started. For instance, in automatic telephone 
switching the interval between the rime a trunk 
is seized and the rime the trunk is used is de- 
penden upon the rime the sentier requires fo 
forward the requisite information. A rime delay 
circuit may be adjusted for a certain delay inter- 
val commencing ai the rime the trunk is seized, 
and upon the receipt of an indication from the 
sender that a fesser delay period is required, if 
Is desirable fo be able fo reduce the interval foi" 
which the rime delay circuit has been preset. 
In other applications if may be desirable fo 
tend the period after the timing interval has 
tarted. 
The present invention proposes circuits 
adapted fo provide both a delay interval and 
means fo vary that rime interval after the com- 
mencement thereof. In general, the circuits 
utflize the rime delay of a resistance-capacitance 
network fo regulate the.time ai which a substan- 
tially unidirectional current fiow device will be 
rendered sufficiently conductive fo operate a re- 
lay or-other current-sensitive control device. In 
each of the preïerred embodiments presented 
herein, the unidirectional current flow device- 
normally "biased" at a certain potential, i. e., 
there is a certain preselected potential difference 
between the main electrodes of the device. 
Means are provided for changing this interelec- 
trode potential difference operable either belote 
or after the timing period has started fo either 
lengthen or  shorten such period. The means 
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comprises, in. the depicted embodiments, a s.witch 
operable.to either increase or decrease the bis- 
iug potential, difference, between the main elec 
trodes of the unidirectional current flow device, 
{j thus requiring either a lesser or greater accumu.- 
!ation of charge on the condenser fo cause the 
device fo become, sufficiently conductive to op- 
erate a. relay. In this- manner a proportionally 
fesser or. greater rime delay interval is obtained. 
10 The uti!ization of a conventional "dry" recti- 
fier, of a gaseous diode, of- a vacuum tube and of 
a gaseous triode as the unidirectional current 
fiow device; and further details of the circuits 
will be more fully understood from the ensuing 
l{J detailed description made in reference to the 
accompanying drawings in which: 
Fig» 1 represents a circuit arranged in accord- 
ance with the invention in which a dry rectifier 
is used as the unidirectional current flow. device; 
ci Fig: 2 represents a circuit in.which a vacuum 
triode.isused as such a device; and 
Fig. 3 depicts an embodiment of the invention 
in- which a gas-fllled tube is used. 
Referring now fo Fig. 1, a source of positive 
.{J potential is. connected through resistor ! to one 
side of condenser 2, the other side of- which is 
com]ected to a source of negative potential. A 
resistance  shunts condenser 2 under the con- 
fro1 of contacts of sçart relay which is ener- 
30 gized by battery . upon the closure of switch ]. 
A dry rectifier $ of any well-known type and a 
ïelay 9 are connected between one plaire of con- 
denser 2. and ground through contact ! of relay 
I! which is energized by battery 2 upon the 
3 c!osure of switch . The value of resistor . is 
high compared fo that of resistor $, and there'- 
fore in the depicted unoperated condition.of the 
circuit, the major portion of the potential drop 
occurs across resistor . The values of the two 
40 resistances are so proportioned that at this rime 
there is a negative potential relative to ground 
af point  adjacent the condenser  and thus 
substantially no current wfll flow through relay 
 since rectifier. $ is a unidirectional current 
4 flow device presenting a low impedance fo con- 
ventionaI current flow therethrough in a right- 
hand direction, and _»resenting a high imped- 
auce to co]ventional current fiow therethrough 
in 9 left-hand direction. Upon. operation: of 
0 start re!ay  through the closure of switch 7, the 
shunt around condenser 2 is removed and the 
condenser will then commence fo charge through 
resistor . When the upper plate of condenser 
2 reaches a potentiaI positive relative fo ground 
 potential, rectifier 8 wilI conduct  a]d when the 
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upper plate of condenser 2 reaches a potential 
sufliciently positive relative to ground potential 
to cause sufficient current to flow to meet the 
minimum opeïating requirements of relay 9, re- 
lay . will opeïate thereby closing contacts 5 
which may control an external load circuit. 
This normal delay interval between the opera- 
tion of relay 5 and the operation of relay 9 
proportional to the product of the resistance 
and the coEpacitance  and therefore may be pre- 
selected b7 means of adjusting the value of 
either. 
In ordeï that this preselected delay interva! 
may be changed after the timing period bas 
commenced, a source of negative potential is 
connected through adjustable resistor 6 to the 
rectifier l--relay 9 series circuit at point 
This potential normally has no effect on the 
operation of relay 9 inasmuch as point 7 
grounded through contacts 0 of relay . In 
order that the potential at point I may be 
justable by means of resistor 6, resistor 19 and 
ground may be connected at point 7. Upon 
operation of biasin relay I through the clos- 
ure of switch 3 contacts 0 break and this 
ground is removed. A negative potential is 
thereby placed on the circuit at point 7 and 
in order for the rectifier $ to become conduct- 
ing, itis only necessary for the potential on con- 
denser  tobe positive relative to the potential 
at point 7. Therefore, the condenser need not 
accumulate as high a charge and the timing 
period is thereby reduced. The extent of the 
reduction is of course dependent upon the 
rameters of the circuit, and ma7 be adjustd by 
changing the value of the biasing negative po- 
tential at point 7 which may be accomplished 
by adjusting the value of resistance . Con- 
versely, if itis desired that the timing Period be 
lenthened after the interval is started, a posi- 
tive biasing potential may be applied at point 
or contacts 0 may be arranged to "make" upon 
energization of relay  and thus apply ground 
after timing is started. It is also apparent in 
the circuit of Fig. 1 that if biasing relay  is 
normal]y operated, release of re]ay   subsequent 
to the operation of relay  will tengthen the 
timing period. 
Deenergization of relay 5 witl cause contacts 
4 to release to again place resistance  in shunt 
of condenser  to allow condenser  to discharge 
to the normal unoperated state of the circuit, 
and to thereby result in the release of relay 
It is be]ieved to be evident that rectifier 
might be replaced b a two-etectrode gas-filled 
tube. Timing in a circuit modified in this fash- 
ion would depend upon the rime reluired to 
charge condenser  to a potential suflicient to 
cause the tube to break down so that the 
duced impedance thereof woutd permit suflic- 
ient current to pass to operate relay $. A sub- 
sequent operation of relay  rernoving ground 
frorn the circuit would change the interelec- 
trode biasing potential on the tube thus either 
reducing or increasing the degree to which con- 
denser  must be charffe0, in ortier for the tube 
to tire, and thus accordingly reducing or 
creasing the timing interval as above described. 
Fig. 2 represents a circuit arranged to accom- 
plish the desired variations in rime delay in- 
terval in which a vacuum tube bas been utilized 
as the unidirectional current flow devic. This 
vacuum tube  bas been depicted as a triode 
having an anode 0, a cathode , and a grid 
. A source of positive potential  is con- 

4 
nected to the anode 0. The cathode  is con- 
nected through the winding of relay  fo 
ground through contacts  of relay 6 and also 
through a voltage divider comprising a source 
5 of negative potential 7, an adjustable resistor 
8, resistor  and ground. The grid  of 
vacuum tube  is connected through current 
limiting resistor 30 to a series circuit compris- 
ing a source of negative potential , a condenser 
I0 2, an adjustabl resistor  and ground. Re- 
sistor  is placed in shunt of condenser  under 
the control of contacts 5 of relay 6. Under 
the depicted unoperated conditions, tube 
biased so as to be nonconducting. Upon the 
15 c!osure of switch $7, relay 6 wiI1 be enerized 
by battery $ to break contacts 5 to remove 
the shunt from condenser $. The condenser 
will then commence to charge through resistance 
, the rate of such charging being preselectable 
2o either through adjustment of the value of con- 
denser  or resistance . When, in the de- 
picted embodiment, the condenser is charged to 
a point near ground potentiaI, depending upon 
the characteristics of tube , tube 9 will con- 
25 duct current through its output circuit includ- 
ing anode 0, cathode , relay , contacts , 
ground and to battery . Relay 4 will then 
operate to close contacts 
ternal load circuit. 
;o in order to reduce the preselected rime delay 
after the interval has commenced, switch 0 may 
be closed to cause battery l to energize relay 
., fo thereby open contact  and remove the 
round îrom the circuit. The potential then 
: applied to the cathode of tube 9 will then be 
more negative tl]an ground and condenser 
will bave to charge to a lesser degree than pre- 
viousiy to bui]d up a suftlcient potential on grid 
 to render the tube conducting. A lesser de 
.. !ay interval will thus result. 
The reduction in the delay between the time 
at which rela $ is operated until relay t will 
operate, may be changed by adjusting resistance 
. As was discussed in regard to Fig. 1, the 
i» timing period rnay be lengthened after the in- 
terval bas been commenced either by having re- 
lay  normally operated and releasing it to 
increase the timing interval, or by providing 
relay $ with "make" rather than "break" con- 
.50 tacts, or by providing a source of positive po- 
tential  rather than the depicted negative 
sotu'ce. Other modifications wilI be obvious to 
those ski]led in the art. 
Pelease of relay ]6 wiI1 replace the shunt 
;j around condenser 3  , which wiI1 discharge 
through resistance ,, alld the circuits wilI re- 
turn to their unoperated condition releasing re- 
lay 24. 
Fig. S represents a circuit arranged to provide 
.o a variable rime delay interval in which a gas- 
filled triode has been utflized as the unidirec- 
tional current fiow device. The depicted doub]e- 
gap cold-cathode gas-filled tube  is provided 
with an anode 3, a cathode  and a starter elec- 
5 trode 5, though itis tobe understood that a gas 
tube of the thyratron or other type may be used. 
A source of Positive potential 4 is connected to 
anode . When relay  is unoperated, the cath- 
ode  is connected through back contacts 7 of 
0 re]ay 8, through resistoï 9 and to ground. This 
resistor 49 and the ground potential are provided 
to stabilize the potential at the cathode to prevent 
stray capacitance or stray leakage from causing 
the cathode potential to vary. Cathode  is con- 
75 nectable, by means of front contacts 50 of relay 



.48, through Che winding of relay 5J fo ground 
through contacts 52 of relay 5S. The cathode 
is also connected through contacts 5@ of rèlay 
45, windlng of relay 5|, and fo a voltage divider 
comprising a Source of negative potential 54, an 
adjustable resistor @, resistor @ and .to ground. 
Starter electrode 4 of gas tube - is connected 
th.rough current limiting resistor 5 t) a series 
circuit comprising a source of positive potential 
@$, adjustable resistor 9, condenser {} and 
ground. Pesistor 5| is placed in shunt o con- 
denser .@@ under control o contacts 2 o relay 
45. Under the depicted unoperated condition, 
tube 42 is biased so as fo be non-conducting. 
Upon .the closure of swïtch , battery @4 will en- 
ergize start relay 
fo remove the shunt from condenser , and will 
also transfer the cathoàe ]ead from contacts 
to contacts 0 fo place a potential on the cathode 
substantially equal to ground. The bias poten- 
tial on the tube at this rime is such that there wflI 
be a certsin àelay interval before condenser 
will have attained a suflïcient charge to app]y the 
requisite potential on starter electrode 4. to 
cause tube 2 to tire. With a tube of given char- 
acteristics, this period may be preset by the ad 
justmezt of either condenser  or resistance $. 
When tube 2 becomes conductive, current wilI 
flow through .the output circuit of that tube to 
operate re!ay @| thus closing coutaets . fo co»- 
trol an external load circuit. 
To vary the tiïning interval after timing 
started, the bias potential may be shifted, a shift 
increasing the potential difference across the 
main gap oî the tube shortening the timing pe 
riod, and, conversely, a shift decreasing the 
tential difference a.cross the main gap lengthen 
ing the timing period. This 
the circuit of Fig. 3 in much the same manner as 
that described in relation to fine circuits of Figs. 
and 2. Upon the closure of switch G, battery 
wfll energize relay @. fo "break" contacts @2 and 
thus remove the ground. A potential more nega- 
rive than ground will thon be placed on catho6e 
4 thereby shifting .the bias on tube . so that 
it wilI tire with a lesser potential on control elec- 
trode  and thus wflI be rendered conductive 
more rapidly. Resistance @@ may be adusted fo 
vary this decreased interval, and, as belote de- 
scribed, positive battery may be substituted at 
@4, or relay contacts @2 may be modLed to cacse 
the period of delay to be lngthened. 
In order fo extinguish gas-filled tubes, ] is 
necessary to reduce the potentiaI difference be- 
tween the anode aud cathode to a point below the 
sustaining voltage thereof. Thereïore, in the cir- 
cuit of Fig. 3, upon the release of start re]ay 
not only is the shunting resistance  replaced 
around condenser @, but also contacts @@ are 
broken to cause the tube 4 to extinguish and 
the relay | o release. If is fo be understood, 
however, hat any other well-known means of 
reducing the anode potential to extinguish the 
tube may be used. 
It will be noted that in each of the depicted 
circuits, if a sufficient interval bas elapsed before 
the biasing relay is operated, operation of the 
biasing relay will cause the unidirectional cur- 
rent flow deviie to conduct practically instan- 
taneously. For instance, if the parameters of the 
circuits be such that with .the biasing relay un- 
operated, 0.8 second wiI1 elapse between the op- 
eration of the start relay and the operation of 
the circuit control relay, and with the biasing 
relay operated there will be but, for example, a 

 04/seoend dëly, operaf2on of the biasing rely 
after 0«4. second bas e]apsed, but belote 
08 second ha:s eple, will cause the unlde- 
tionat cu.rent flew device  operate immedi- 
atel:y. 
Although it is to be understood that the follow- 
ïng parameters ae purely exemplary and may 
be varied fo meet the requïremen of any par- 
tlcflar emboiment-of the invention, .he various 
elements oI he several depicted syStems may 
er the following values: Fig. 1: resistor , 10;000 
obtus; capacitor 2, 10 microfarads; resistor , 100 
.òhms; resistor I, 800 obtus; resistor 8, 200 
0Ims; positive batery, positive 130 volte; nega- 
tire batteries, nega.tie 130 vblts. Fig. 2: tdbe 
type 6L6; resisor ., 0.1 megohm; resistor , 1 
megòhm; capaci-tor 32, 10 .microfarads; resisr 
, 1000 obtus; resistors 2 and 9,300 obtus; posi- 
tive batery, pos:itive 130 volte; negative battery, 
uegative 10 v01ts. Fig. 3: tube te313-CA; 
sistor 7, 0.1 megohm; resistor 9, 1 megohm; 
pacitur 6, 1 microfarad; resistor , 1000 ohms; 
resistor 9, 10 megohms; resistor , 2200 obtus; 
resistor , 4250 ehms; positive bttery, posïive 
10 volte; negative battery, negative 48 vol. 
t will be observed hat the values of the 
sistnce-capaci.tance network in each case may 
be varied to provide any desired rime constant. 
odification of the above-described circui 
my a'Iso be ruade within the scope of the inven- 
[,on to provide çhe same rests with al,ternating 
outrent, using h!f-wave rectification and plac- 
ing a filter around he winding of the load con- 
t-oï!ing relay. 
It is to be understood tha.t the above depicted 
and described circuits re but representative of 
the invention and are hot to be interpreted in a 
lflnitingsensesince maypossible modflcations of 
the circuit .may be mad within the score of the 
appended claires. 
at is claimed is: 
I. n a rime deIy circuit, a dry reifler hav- 
ing an anode and a cathode, a switch, a flrst 
source of potentia! connected fo the cathode of 
sid rectifier through said switch, a resistor, a 
second ource of potential negative relative to 
sad tiret potential connected to the cathode of 
sa.id rectifier through said resistor, a series cir- 
cuit comprising a thd source of potential posi- 
tive relative to sid first and said second sources, 
a second resistor, a capacitor, and a fourth source 
of potential negative relative to said first source, 
a connection between the anode of said rectifier 
and sa.id series circuit at a point between said 
second resistor and said capacitor, means for 
operating said switch, and means operative in 
response to current flow through said rectifier. 
2. A rime delay apparatus comprising a con- 
denser, a resistor, a charging circuit for said con- 
àeer including said resistor, a unidirectional 
current conducting àevice having two terminals, 
means connecting one of said terminals to a 
point in said charging circuit intermediate said 
resistor and said condenser, a load device, means 
for applying a biasing potential through said load 
device to the other tenal of said unidirectional 
current conducting device, a voltage source, and 
a normally closed switch connecting said voltage 
source to said other terminal of said udirec- 
tional current conducting device through said 
load device. 
3. A rime delay apparatus comprising a con- 
denser, a resistor, a charging circuit for said con- 
denser including said resistor and means for 
connecting said resistor and said condeer in 
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ceries, a unidirectlonal current conducting devlce 
havlng two termina]s, means connectlng one o! 
said terminals to a point in said charging circuit 
intermediate soEid resistor and said condenser, a 
]oad device, means foï applying a biasing poten- 
tial tilrough said load device to the other terminal 
of sa.id unidirectional current conducting device, 
a voltage source, a normally closed switch con- 
necting said voltage source fo said other terminal 
of said unidirectional current conducting device 
through said load device, and means for opening 
said switch. 
4. A rime delay appa.ratus comprising a switch, 
a condenser, a resistor, a charging circuit for 
said condenser controlled by said switch includ- 
ing said resistor, a unidirectional current con- 
ducting device having two terminals, means con- 
necting one of said terminals to a point at sald 
charging circuit intermediate said reslstor and 
said condenser, a load device, means for applying 
a biasing potential through said load device to 
the other terminal of said unidirectional current 
conducting device, a voltage source, a normally 
closed switch connecting said voltage source to 
said other terminal oî said unidirectional cur- 
rent conducting device through said load device, 
and means for opening said normally closed 
switch. 
5. A rime delay apparatus comprising a uni- 
directional current conducting device and a load 
connected in series therewith, means ïor apply- 
ing an initial voltage to one side of said device, 
means for s]owly increasing said initial voltage 
comprising a condenser, a resistor and a charg- 
ing circuit for said condenser including said re- 
sistor, a normally closed sçvitch, means including 
said switch for applying another initial voltage 
fo the other side of said device through said load, 
and means for applying a different voltage to the 
said other side of said device comprising a voltage 
source connected to said other side of said device 
through said load and means for opening said 
switch. 
6. A time delay apparatus comprising a unidi- 
rectional current conducting device and a load 
connected in series thercwith, means for apply- 
Jng a tiret initial voltage to one side of said device, 
a noïmally closed switch, means including said 
norma]ly c!osed switch for applying a second 
initial voltage fo the other side of said device 
through said Ioad for initially biasing said device 
non-conducting, means for slowiy increasing said 
first initial voltage for rendcring said device con- 
ductive after s, dslay interva! comprising a con- 
denser, a resistor and a chargin circuit for said 
condenser inc!uding said resistor, and means for 
changing said second initial voltage comprising a 
voltage source connected to said otheï side of said 
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device through said load and means for opening 
said switch. 
7. A rime delay apparatus comprising a unidi- 
rectional current conducting device and a load 
5 connected in series therewith, means for app]y- 
ing a lïrst initia] voltage to che side of said device, 
a normally c]osed switch, means including said 
normally closed switch for applying a second 
initial voltage to the other side of said device 
0 through said load for initially biasing said device 
non-conducting, means for slowly increasing said 
tiret initial voltage for rendering said device con- 
ductive after a de]ay interval comprising a con- 
denser, a resistor in seïies with said condenser 
15 snd a charging circuit for said condenser includ- 
ing said resistor, and means for changing said 
second initial voltage comprising a voltage source 
connected to sa!d other side of said device 
through said load and means for opening said 
20 switch. 
8. A time delay apparatus comprising a unidi- 
rectional cuïrent conducting device and a load 
connected in series therewith, means for apply- 
ing a negative initial voltage to che side of said 
25 device, a normally closed switch, means includin 
said norma!ly closed switch for applying an ini- 
tial voltage of gïound to the other side of said 
device through said load for initially biasing said 
device non-conducting, means for slowly increas- 
30 ing said negative initial voltage to a positive 
value for rendering said device conductive after 
a delay interval comprising a condenser, a re- 
sistor in series with said condenser, and a charg- 
ing circuit for said condenser including said 
: sistor, and means for changing said ground ini- 
tial voltage for varying said delay interval com- 
prising a source of voltage other than ground and 
a resistor serially connected to said other side of 
said device through said load and means for 
..u, opening said switch. 
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